head trauma and do not require neurosurgical intervention. The disposition of patients with NDSFs varies by institution and even within the same institution. Some patients are admitted to a hospital inpatient unit or kept for 23-hour observation, and others are discharged home from emergency departments. 2, 6, 8, 10, 15, 17 The objective of this study was to review disposition data on children with NDSFs at a single, busy pediatric trauma center and to assess factors associated with the observation and hospitalization of these patients as well as costs of care.
methods
After obtaining institutional review board approval, we retrospectively reviewed clinical records and imaging studies for patients between the ages of 0 and 16 years who were evaluated for NDSFs at Children's Memorial Hermann Hospital (CMHH) in Houston, Texas, between January 2009 and December 2013. All patients had received a CT scan at the time of diagnosis that clearly showed the NDSF in the bone window and any other intracranial pathology in the brain window. If a patient arrived at our center with only plain skull radiographs that demonstrated a fracture, then a CT scan was performed upon arrival. Patients with a single nondisplaced calvarial fracture were included in this study. Patients with isolated NDSFs and simultaneous non-CNS injuries (such as orthopedic injuries) were included in the study. Linear skull fractures that crossed a suture line but did not have associated intracranial hemorrhage or other exclusion criteria were included. Patients with open or comminuted skull fractures, intracranial hemorrhage, multiple skull fractures, or pneumocephalus (defined as intracranial air) were excluded. Any quantity of intracranial hemorrhage or pneumocephalus, no matter how small, was sufficient for exclusion from this study. Patients with any other intracranial or cervical pathology such as hydrocephalus, brain tumors, head or neck vascular injuries, or cervical spine fractures were also excluded. Notes from patient encounters such as emergency department visits, neurosurgical consults, hospital admission notes, social work notes, and postdischarge followup visits were reviewed. To assess costs associated with patient care, we collected data on the admitting hospital unit for each patient, the hospital length of stay (LOS), and means of arrival of each patient to the hospital.
results

Patient demographics
A total of 948 patients presented to CMHH between January 2009 and December 2013 with a diagnosis of traumatic brain injury. Of these 948 patients, 326 met inclusion criteria for this study. Figure 1 is a Consolidated Standards for Reporting of Trials (CONSORT) profile defining these patients' exclusion criteria. One hundred thirty-four patients were excluded because fractures were depressed, multiple, or comminuted. Thirteen patients were excluded because fractures were open. Forty-three additional patients were excluded for pneumocephalus, 133 for intracranial hemorrhage, and 96 because a skull fracture was not definitive on review of imaging studies. Patient demographics are summarized in Table 1 . The majority of the patients were male (59%), and the largest ethnicity represented was patients of Hispanic descent (45%). Median age at time of evaluation was 19 months (age range 2 weeks to 15 years).
hospital encounter
Of the 326 patients who met inclusion criteria, 56% (n = 184) were placed under 23-hour observation status, 27% (n = 87) were admitted to the hospital floor, and 17% (n = 55) were discharged from the emergency department. No discharged patient in this study required repeat admission. Less than 16% (n = 50) were followed up in the pediatric neurosurgery clinic after discharge. All 50 of these patients were neurologically intact at the time of the followup visit. Seventy-nine percent (n = 257) of the patients were transferred from another institution. Seventy-six percent (n = 42) of the patients who were discharged from the emergency department were initially transferred from a community hospital to CMHH. Eighty-five percent (n = 278) of the patients arrived at the hospital by ambulance, 11% (n = 36) arrived by car, and 4% (n = 12) were airlifted by helicopter to the hospital.
According to the history provided at the time of presentation to the emergency department, 14% of patients (n = 45) had altered mental status or loss of consciousness, 21% (n = 68) had at least 1 episode of vomiting after head trauma, and 2% (n = 8) had witnessed seizures or seizure-like activity after head trauma. No patient had any neurological deficits at the time of admission, and none required any neurosurgical intervention. The mean hospital LOS for patients admitted to the inpatient unit was 46 hours, and the mean LOS for patients placed under 23-hour observation status was 18 hours ( Table 2) . The LOS for patients in the inpatient unit ranged from 7 hours to 16 days. The longest time a patient spent in the observation unit was 43 hours.
Child protective service (CPS) involvement was a cause of extended hospitalization in 7% (n = 24) of patients in this study. Three percent of patients (n = 11) experienced extended hospitalization because of other injuries. Additional injuries in this patient group are listed in Table 3 .
mechanism of injury
Mechanism of injury (MOI) for patients who met inclusion criteria is summarized in Table 4 . Falls were the most common cause of head injury across all patient groups. A total of 230 patients (71%) sustained their head injury after a fall. Seven percent (n = 23) of these were specifically due to a fall from a shopping cart. The 3 most common MOIs sustained by patients placed under 23-hour observation were falls (n = 143), dropped by a caregiver (n = 12), and object to the head (n = 9). For patients admitted to the hospital floor, the most common MOIs were falls (n = 46), possible nonaccidental trauma (n = 20), and object to head (n = 6).
location of skull Fracture
Fracture locations are summarized in Table 5 . Overall, the most common locations for an NDSF in this study were the occipital bone (n = 126), the parietal bone (n = 102), and the frontal bone (n = 58). Four percent of the patients had a nondisplaced frontal bone that extended to the orbital rim (n = 14) and 5% (n = 17) had a single fracture involving 2 bones. There were no frontal bone fractures that involved the frontal sinuses in this study.
hospital cost assessment
The current room charge per hour and staffing at CMHH's inpatient unit is $782 per day, not including supplies and medications. The observation unit can cost as much as $1283 if a patient spends up to 24 hours in observation. The average LOS for patients under observation in this study was 18 hours, and 46 hours for patients in the inpatient unit, adjusting the mean costs to $962.25 and $1498.83 respectively.
discussion
While previous studies have reviewed large series of children with skull fractures, this is the largest study specifically focusing on linear NDSFs and excluding more serious injuries. We hypothesized that some hospitalizations in these patients can be safely avoided and that avoiding such hospitalizations could render considerable cost savings. The majority of the patients in this retrospective study were male, Hispanic, and insured by Medicaid. These findings are reflective of the community our hospital serves. The most common MOI in our study was falls, which has been noted as a predominant cause of skull fractures in previous publications. 3, 4, 10 In
3 Nonetheless, patients with isolated NDSFs require no neurosurgical intervention and may not require hospitalization.
The most important finding of this study, as expected, was that none of the 326 patients had a neurological deficit at any point in their management, and none required neurosurgical intervention. An obvious limitation of these data is that only 16% of patients had follow-up outpatient visits after their hospitalization. This low follow-up rate is directly related to our practice pattern, which does not include mandatory follow-up appointments in this population. At our hospital, when a patient with an NDSF is discharged from the emergency department or hospital, the parents are told to bring the patient back to the emergency department or outpatient clinic only if new signs or symptoms arise. While it is theoretically possible that some of the patients without follow-up had new signs or symptoms that were assessed in outside hospitals, it is highly unlikely that this happened in a large number of patients.
Given the fact that no patient with an NDSF required neurosurgical intervention and none had a neurological deficit, the obvious question is why only 17% of patients were discharged from the emergency department and the remainder were hospitalized or kept for 23-hour inpatient observation. There are a variety of factors that influenced this statistic. Certainly, any patient with suspicion of nonaccidental injury cannot be sent home to a potentially unsafe environment, as nonaccidental injury claims the lives of more than 280 children each year in the US. 5 In this cohort, 7% of patients required extended hospitalization due to CPS input. However, many of the observation patients were held in observation status pending a nonaccidental trauma evaluation without specific CPS involvement. Four percent of patients required extended hospitalization due to non-CNS injuries. Other possible explanations for hospitalization or 23-hour observation were episodes of vomiting (21%), history of altered mental status (14%), or possible seizure activity (2%). Some of these symptoms, as well as headaches, dizziness, and poor memory or concentration, may persist for days to weeks in patients after minor head injuries. 8, 20, 21 While these symptoms do not typically portend the need for neurosurgical intervention in patients who are neurologically intact and do not have intracranial hemorrhage or other injury, practitioners are understandably reluctant to send patients home who are symptomatic soon after a head trauma. Some emergency medicine guidelines suggest that children less than 2 years of age should be observed for 4 to 6 hours in the hospital and discharged if asymptomatic and neurologically intact after this period of observation. 8 Seventy-eight percent of patients were transferred from outside hospitals, either by ambulance (85%) or even helicopter (4%), and many parents presumably arrived with the expectation that a higher level of care and possibly intervention would be required for their child. It is often easier for practitioners to simply admit these patients to the hospital unit or keep them for 23-hour observation status, particularly when patients arrive in the middle of the night, rather than explain to parents that such transfers were not necessary. While patients should be transferred from community hospitals if treating physicians do not feel comfortable with their management, clearly there is room for improvement in educating some physicians in these hospitals about the natural history of isolated NDSFs and the unlikely need for intervention.
Not all community hospitals have a neurosurgical team onsite to manage a patient with a skull fracture, and some centers are uncomfortable or not equipped to care for children with head injuries. Thus, some community hospitals have no other option but to transfer patients with skull fractures to higher-level trauma centers where these patients can be properly observed and managed. Placing a patient under observation status assumes that the observation will "uncover a reasonable percentage of occult injuries not found on diagnostic testing amenable to prompt intervention, thereby reducing complications and death." A multicenter retrospective review of patients admitted for minor head injuries reported that more than a third of the patients were missing documented observation. 18 Current emergency guidelines strongly encourage community hospitals to initiate rapid referrals to pediatric trauma centers whenever ongoing reassessment and definitive management of admitted patients with head trauma cannot be met by the community facility. 8 An important finding in our study was that 76% (n = 42) of patients discharged upon arrival to our center had been transferred from an outside hospital for a higher level of care. As most hospital transfers employ the use of ambulance and helicopter services, these transfers create a significant financial burden for families and insurance companies. As part of our cost assessment, we reviewed the standard charge rates by the Houston Fire Department and Life-Flight helicopter services in our area. The Houston Fire Department's ambulance service cost $1000 (base rate) plus $13 per mile, and the Life-Flight helicopter service cost $11,902.82 (base rate) plus $118.98 per mile. 11, 13 At least in some cases, it is clear that these hospital transfers, and their extensive costs, were not medically necessary. In an effort to minimize interhospital transfers and the use of hospital resources, the Primary Children's Hospital in Salt Lake City, Utah, institutionalized a "Management Algorithm for Isolated Skull Fractures" in January 2012. 10 The new guideline criteria for admission included vomiting, abnormal neurological examination results, possible nonaccidental injury, and high-energy injury mechanisms. These guidelines recommended rapid discharge of patients with an isolated skull fracture, a normal neurological examination, no high-energy MOI, and no other non-CNS injuries. In their prospective study on the impact of these new guidelines, Metzger et al. were able to identify an 18% decrease in overall admission rates of patients with isolated skull fractures with no compromise to patient safety. 10 Although this was a "modest" decrease in admission rates compared with years prior, Metzger et al. do agree that "there [still] exists the potential to further reduce the admission rates… for these patients." 10 conclusions
In conclusion, 23-hour observation or hospitalization for many children with NDSFs is costly and not always necessary. As demonstrated in this study and previously published reports, the likelihood of missing a delayed hemorrhage or other life-threatening complication in patients with isolated NDSFs is extremely low. 7, 9, 14 Based upon the findings in this review, we plan to attempt to find ways to minimize hospital transfers and admissions for isolated NDSFs, and we hypothesize that doing so would be worthwhile at other centers as well. 
